Augmentable Multi-Vertebrated Modular Space Station Robot  by Kurt, Serkan
 Procedia - Social and Behavioral Sciences  195 ( 2015 )  2612 – 2617 
Available online at www.sciencedirect.com
1877-0428 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Istanbul Univeristy.
doi: 10.1016/j.sbspro.2015.06.462 
ScienceDirect
World Conference on Technology, Innovation and Entrepreneurship
Augmentable Multi-Vertebrated Modular Space Station Robot 
Serkan Kurt*
Department of Electronics and Communication Enginneering, Yildiz Technical University, Istanbul, TURKEY 
Abstract 
On space stations, movement capacity of the repairment with the space suits are very restricted and dangerous. Not only 
movement but also traveling from somewhere to somewhere is also difficult itself. With the help of multi-axis modular 
vertebrates the ability to access the places we want, high movement capacity, plug and play structured robot is designed. Robots
height is increased at the intended amount with the basic addition of an independent vertebrae. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Space stations are hard to build and repair. The biggest hardship is the access problem. Today in various 
situations that threatens human lives robots are used. Generally these are 5 or 6 axis robot hands, especially its core 
member of automotive industry. These robots’ body is added to a space and work in a narrow space. For wide usage 
there are mobile robots but these have the problem to use or move together. 
An actuator is something that converts energy into motion. An actuator is a functional element which connects 
the information processing part of an electronic control system with a technical or nontechnical, e.g. biological, 
process. Actuators can be used to control the flow of energy, mass or volume. The types of actuators are Hydraulic, 
Pneumatic, Electric, Thermal or magnetic (shape memory alloys) and Mechanical. A hydraulic actuator, that 
consists of a cylinder or fluid motor that uses hydraulic power to facilitate mechanical operation. A pneumatic 
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actuator, that converts energy formed by vacuum or compressed air at high pressure into either linear or rotary 
motion. An electric actuator, is powered by a motor that converts electrical energy to mechanical torque. A 
mechanical actuator functions by converting rotary motion into linear motion to execute movement [1,2]. 
Many mechatronic systems designed by using actuators (Kovacs,G., Lochmatter, P. and  issler,M.,2007);Pratt,J.,  
Krupp, B.,  and Morse, C., 2002; Han, S.S., Choi, S.B.,  Kim, J.H. 1999; Robinson, D.W., Pratt, J.E., Paluska, D.J., 
and Pratt, G.A.,1999; G. Granosik,G. and J. Borenstein,J. 2005; Z.Y. Bayraktaroglu, Z.Y. 2009; Crespi, A., Ijspeert, 
A.J., 2006; Chen, L., Ma, S., Wang, Y., Li, B.,  D., Duan, D. 2007; Kamamichi, N., Yamakita, M., Asaka, K. and 
Luo, Z. 2006 ), especially to design snake robots or robotic arms. Many snakes robot may have any other 
mechanical systems. The designed system in this papers looks like a snake robots. Many kinds of snake robots are 
developed as shown in figure 2 (Crespi, A., Ijspeert, A.J., 2006), figure 3,4 (G. Granosik,G. and J. Borenstein,J. 
2005 ). As shown in fig.5,6 snakes robots developed by Biorobotics Lab Carnegie Mellon University.  Snakes robots 
are similar to this system, but our designed system has augmentable and multi axis modular dynamic bodies.  
Fig. 1. 
Fig. 2. The AmphiBot II robot. 
Fig. 3. The OmniPede 
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Fig. 4. The OmniTread serpentine robot. All segments are linked by 2-DOF pneumatically actuated joints, which are the focus of this paper. 
Fig.5. Uncle Sam: Biorobotics Lab Carnegie Mellon University 
 
Fig.6. Frostbite: Biorobotics Lab Carnegie Mellon University  
The biggest problem on space stations are the transportation to the repair site and the astronauts preparation to 
work outside of the station. Connection between astronaut and the station is provided by a cableas shown in figure 1. 
If the cable stucks with itself this causes serious dangerous problems. But instead of the cable, multi-vertebrated 
robotic system provides the astronaut a safe and fast journey. If wanted, the needed equipment can be added to the 
front of the robot to provide the repairment, without the need of an astronaut 
2. Designing The Vertebrates  
The vertebrate has a multi-axis structure. The number of used piston in the structure provides the axis number. 
For example; on figure-7 actuators provide 8 different directions to move. The building process of 3 stages are 
shown in figure-7. The axis, which is wanted to have the ability to move, is primarily determined. According to the 
axis, mutual actuators are marked. The important part here is to determine the axis, which is wanted to have the 
ability to move, and mutual actuators. When a vertical line is drawn to the motion axis, mutual actuators will move 
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simultaneously and in the same direction. When a parallel line is drawn to motion axis, mutual sensors will again 
work simultaneously but this time at the opposite direction.  
Fig.7 (a) Actuators designing           (b) Cover designing             (c)  A whole part of a vertabrae 
  For a single-vertebrated microcontroller’s program parameters down below are made, 
x Determination of the direction of movement  
x Determination of the sensors that will work simultaneously and in the same direction 
x Determination of the sensors that will work simultaneously and in the opposite direction 
x Location information of the sensors at time t. 
x Axis angle 
x Height 
2.1. Determination of The Movement Direction 
With 8 actuators, 4 different axis are made (axis 1: a1, axis 2:a2,  axis 3: a3, axis 4:a4).  Also in another axis 
which direction isn’t a matter, only move for elongation and shortening matters (Fig.8(a)).  In this situation axis’ 
vertical movement is a different parameter. When we tag actuators as A, B, C, D, E, F, G, H in figure 8(b), h is the 
minimum height of the spine. These parameters must be defined with a variable in microcontrollers programme.   
                                           Fig. 8. (a)  Axis Shown in a vertebrae;                                             (b) Actuators tag 
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When considered as 2-dimensional they will be modelled as told; figure 9(a) is when all actuators are at the start 
point, figure 9(b) is when all actuators are at their maximum, figure 9(c) is when its wanted at a specific angle and 
height 
                                
                                 Fig.9. (a) With minimum height;            (b) All Vertebraes in max. height;          (c) Vertebrae in an angle  
Each vertebra  has a microprocessor system to manage actuators and communication system. All the parameters; 
physical dimensions and numbers of actuators in each vertebra, number of vertebra, ID and order of each vertebra 
must be defined in software.  The whole body managed from a master point and every vertebra communicate with 
master, on the other hand communicates before and after vertebras on borders. This is very importans to move 
repeatable motion. A multi-vertebrated system will look like the picture below in figure 10. 
Fig.10.   Astronaut Carrier 
The whole system must be covered with an elastic material because of to create a smooth surface. It is important 
to prevent hang out of any other things.   
2.2. Addressing and Managing The  Vertebra 
        In space, weight is not problem, so theorical number of vertebrates are  not limited. Actually, vertebra 
adressing software technology, hardware instruction limit the number of vertebras. Every vertebra must have an 
adress,such as MAC adress. The MAC adres is 48 bit, but the designer can use more bits to adress in this system if 
the special protocol is wanted. I²C (Inter-Integrated Circuit), pronounced I-squared-C, is a multi-master, multi-
slave, single-ended, serial computer bus invented by Philips Semiconductor. Philips Semiconductors (now NXP 
Semiconductors) developed a simple bidirectional 2-wire bus for efficient inter-IC control. This bus is called the 
Inter-IC or I2C-bus. Only two bus lines are required: a serial data line (SDA) and a serial clock line (SCL). Serial, 8-
bit oriented, bidirectional data transfers can be made at up to 100 kbit/s in the Standard-mode, up to 400 kbit/s in the 
Fast-mode, up to 1 Mbit/s in the Fast-mode Plus (Fm+), or up to 3.4 Mbit/s in the High-speed mode. The Ultra Fast-
mode is a uni-directional mode with data transfers of up to 5 Mbit/s. [13]. The user can use any of these protocols or 
develop any other protocol (UM10204 I2C-bus specification and user manual, Rev. 6 — 4 April 2014) 
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3. Conclusion 
Differences between the system and the other systems are the robot includes addible and eductive dynamic 
modules and robot fixated, not mobile. The system has high ability of movement depends of many number of 
vertebra and actuators in each vertebra, extendible-elidible partitions and suitable for carrying system, actually 
improves safety.  Ability of the system depends on numbers of actuars in each vertebra and software technology and 
hardware design.  
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